This study aims to determine the effect of lime and nitrogen fertilizer on soil acidities characters, growth and nitrogen uptake of corn in total reclaimed of potential acid sulphate soil. A pot experiment with a completely randomized design arranged in factorial with three replications was conducted in the Greenhouse of Indonesian Swampland Agricultural Research Institute (ISARI) from August 2014 to December 2015. The first factor was the rate of lime as dolomite: (i) 25 t·ha . The second factor was the type of nitrogen fertilizer: (a) control (without N), (b) nitrogen 115 kg·ha -1 , (c) chicken manure 6 t·ha -1 (the total N content is 1.98%) and (d) nitrogen 57.5 kg·ha -1 + 3 t·ha -1 chicken manure. Urea (N content is 39.76%) was used for fertilization. The observed variables were the soil acidities properties (pH, Electrical conductivity/EC, available-H, available-Al) before, after total reclamation, and at the maximum vegetative stage of corn, plant growth and uptake of shoot nitrogen. The results showed that the process of consecutively aeration-leaching of the potential acid sulphate soils able to increase the soil pH, declining the EC value, as well as availabe bases, available-H, available-Al and the content of pyrite. The application of dolomite increased soil pH, EC, and available-H, while available-Al decreased, its effect was more pronounced in higher rate. Application of dolomite 25 t·ha -1 and 37.5 t·ha . However, these rates was not able to neutralize the existing acidity due to the acidity still being produced out of remaining pyrite which was still in active stages. It was showed increasing pH soil followed by EC. The interaction between the application of dolomite and nitrogen fertilizer is significantly influenced plant height and shoot N uptake. The highest plant height and shoot N uptake were 112 cm and 267.69 mg·plant -1 respectively, were obtained in application dolomite 25 t·ha -1 combined with nitrogen 57.5 kg·ha -1 plus chicken manure 3 t·ha -1
, and (ii) 37.5 t·ha -1 . The second factor was the type of nitrogen fertilizer: (a) control (without N), (b) nitrogen 115 kg·ha -1 , (c) chicken manure 6 t·ha -1 (the total N content is 1.98%) and (d) nitrogen 57.5 kg·ha -1 + 3 t·ha -1 chicken manure. Urea (N content is 39.76%) was used for fertilization. The observed variables were the soil acidities properties (pH, Electrical conductivity/EC, available-H, available-Al) before, after total reclamation, and at the maximum vegetative stage of corn, plant growth and uptake of shoot nitrogen. The results showed that the process of consecutively aeration-leaching of the potential acid sulphate soils able to increase the soil pH, declining the EC value, as well as availabe bases, available-H, available-Al and the content of pyrite. The application of dolomite increased soil pH, EC, and available-H, while available-Al decreased, its effect was more pronounced in higher rate. Application of dolomite 25 t·ha -1 and 37.5 t·ha . However, these rates was not able to neutralize the existing acidity due to the acidity still being produced out of remaining pyrite which was still in active stages. It was showed increasing pH soil followed by EC. The interaction between the application of dolomite and nitrogen fertilizer is significantly influenced plant height and shoot N uptake. The highest plant height and shoot N uptake were 112 cm and 267.69 mg·plant -1 respectively, were obtained in application dolomite 25 t·ha -1 combined with nitrogen 57.5 kg·ha -1 plus chicken manure 3 t·ha
Introduction
Potential acid sulphate soils are soils containing iron sulphide mainly pyrite (FeS 2 ) that stable in anaerobic condition within the pH tending to be neutral. There are two approaches to utilize the potential acid sulfate soil, namely (1) limiting the oxidation of pyrite and prevent acidity by maintaining groundwater levels (suitable for rice), (2) maximizing the oxidation of pyrite by drying and wetting intensively and discharging oxidation products through leaching (Arunin et al., 2009 ).
The potential acid sulphate soil can be used for upland crops after a "total reclamation" is applied, means that maximizing the aeration and leach out of its oxidation product untill the remaining pyrie not active anymore.
Usually if the pyrite content reaching a value less then 0.75% and the EC is less than 0.5 mS·cm -1 (Maas, 2003) .
During the acitve pyrite oxidation, produces high concentration of ferrous ions and sulfuric acid (H 2 SO 4 ) which resulted in extreme acidity of soil and water. The strong acid then release aluminium and other acid soluble-metals by cation exchange or oxide dissolution (Kawahigashi et al., 2008) . Therefore, an important next step in the process of reclamation through oxidation-leaching is to decrease soil acidity and toxic elements through leaching of pyrite oxidation products. However leaching to discharge acidity and other toxic compounds can cause the water to become acidic, nutrient leaching and an increase of Al saturation. Thus after the reclamation process, it is necessary to neutralize the residual acid left in the soil.
According to Anda et al. (2009) . This shows that the process of oxidation-leaching results in decreased fertility of acid sulphate soils, so that to improve them additional N fertilizer is needed.
As already mentioned above, the oxidation-leaching also result in decreased soil pH, increased concentration of Al 3+ and Al saturation due to leach of bases. The soil pH before the reclamation was 4.5-6.5 and 3.5-4.5 after reclamation (Anda et al., 2009) . Meanwhile the influence of Al toxicity in plants is to inhibit the division and elongation of the meristem cells which in turn lowers the growth of plant roots (Panda et al., 2003; Mora et al., 2006) . In addition, Al toxicity triggers an increase in the reactive oxygen species (ROS), causing oxidative stress that can damage the roots and chloroplast, decreasing normal functioning of photosynthetic parameters. Al-toxicity may also increase or inhibit antioxidant activities, which are responsible to scavenge ROS. As result of the negative effects of toxic Al, root metabolic processes, such as water and nutrient absorption, are disturbed with a concomitant decrease in calcium (Ca) uptake (Merino-Gergichevich et al., 2010) . Therefore, to reduce the activity of Al in acid sulphate soils reclaimed by oxidation leaching it is necessary increase the soil pH.
A common management practice to increase the pH and lowers aluminum toxicity in acid sulphate soils is by application of lime. Liming often used are calcite (CaCO 3 ), dolomite (CaCO 3 ·MgCO 3 ) or a mixture of both. According to Pankova et al. (2009) , liming on acid soils in addition to lowering the activity of Al 3+ , increases the availability of P and also increases the rate of mineralization of N from organic materials.
Post reclamation of acidic environments such as low pH and high soil Al saturation resulted in supply constraints and N absorption. Therefore require the addition of lime and N fertilizer is required. Source N in potential acid sulphate soil is usually in the form of organic and inorganic. Therefore we need a study of the utilization of these two sources combined with liming to improve the availability and uptake of nutrients. The aim of this study was to investigate the influence of lime and nitrogen fertilizer on the character of soil acidity of the potential acid sulphate soils after oxidation-leaching, uptake of N as well as the growth of corn.
Materials and Methods
The experiment was conducted at the Greenhouse of Indonesian Swampland Agricultural Research Institute (ISARI) from August 2014 to December 2015. The potential acid sulphate soil used in the study came from Jelapat, Barito Kuala, South Kalimantan on 3º14′16.1″S, 114º31′02″E, taken at a depth of 35-65 cm and classified as Typic Sulfaquent. Based on prior research, the soil in this site have high pyrite content. Potential acid sulphate soils used for growing media for upland crop were previously aerated and leached consequtively. The process of aeration-leaching was by air drying of potential acid sulphate soils, washing the oxidation product repeatedly. The chemical properties of potential acid sulphate soils before and after the air dry are presented in Table 1 .
In the process of oxidation-leaching, the soil and sieved air dried soil with rice husk was mixed in the 2:100 based on the dry weight (0.2:10 kg). Once well blended grain it was put into sacks put for drying-leaching by immersion in a large basin of local well water containing as much as 25 l for 3 days. Then it was drained and dried for 7 days. The drying and leaching process was conducted for 6 months. Note. * acid sulfate soil used for next research.
The pot experiment to find the kind of nitrogen fertilizer to improve the fertility of potential acid sulphate soils after oxidation-leaching used the indicators of corn crop of the Sukmaraga variety. The treatment was arranged in a factorial completely randomized design with three replications. The first factor was the rate of dolomite lime: (a) 25 t·ha -1 and (2) 37.5 t·ha The acid sulphate soils after reclaimed by oxidation-leaching were given of lime and incubated for 2 weeks. Then as many as 3 Sukmaraga corn seeds sown in pots containing 3 kg of air dry. Once the plants grew well (±7 day after sown), thinning was done, leaving one of the best plants in each pot. Basic fertilizers such as TSP 150 kg·ha -1 was applied at planting, whereas KCl 140 kg·ha -1 was applied when the plant was 1 week and 4 weeks old. Maintenance included watering until field capacity conditions using local well water. Plants were maintained until the maximum vegetative phase, harvested at 8 weeks after sown (WAS). Characteristics of lime, urea, TSP, KCl and chicken manure are presented in Table 2 . The data obtained in this experiment were analyzed statistically using SAS software Portable 9.1.3. Analysis of varian was done to determine the treatment difference. The duncan multiple range test (DMRT) was used to compare treatment means at P < 0.01 or P < 0.05.
Results
Chemical properties of acid sulphate soils after oxidation-leaching for 6 months or as much as 16 times of drying-wetting and then leaching by 10 times are shown in Table 3 . and nutrient such as total-N, available-P, decrease due to oxidation-leaching. The oxidation-leaching proses caused the pyrite content decrease from 2.63% to 0.93%. Interaction between liming and nitrogen fertilization did not affect the soil pH. Only liming as the sole factor that significantly affected in soil pH (Table 4) . Application of dolomite 25 t·ha -1 and 37.5 t·ha -1 respectively increased soil pH from 3.29 to 4.36 and 4.87. Note. Means with the the different capital letter within column differ significantly by DMRT (p < 0.01).
The effects of dolomite lime, nitrogen fertilizers and their interaction on soil EC were not significantly different (Table 5) . On average the EC of potential acid sulphate soils that had undergone oxidation leaching from application of dolomite lime and nitrogen fertilizers was 1.51 mS·cm -1 . (Tables 6 and 7 ). Note. Means with the the different capital letter within column differ significantly by DMRT (p < 0.05). Note. Means with the the different capital letter within column differ significantly by Duncan DMRT (p < 0.05).
The interaction between application of dolomite lime and N fertilizer significantly affected plant height 8 WAS (Table 8 ). The height of plants applied with N fertilizer was higher than the control (without N) at the rate of dolomite 25 t·ha -1 and 37.5 t·ha -1 except the combination treatment 37.5 t·ha -1 dolomite and nitrogen 115 kg·ha -1 there was not significant difference from the control. Shoot and root dry weight of corn is not influenced by the interaction between the application of dolomite and N fertilizer. Only N fertilizer as a single factor had significant effect on shoot dry weight and root of corn (Tables 8  and 9 ). Tables 8 and 9 show that the average dry weight of the shoot and roots of corn applied with N fertilizer was significantly different from the control (without N). Note. Means with the the different capital letter within row differ significantly by DMRT (p < 0.01).
N uptake of corn at 8 was significantly affected by the interaction between the application of dolomite and N fertilizer N. Table 11 shows that application of nitrogen fertilizers can increase N uptake except that the combination of lime 37.5 t·ha -1 and 115 kg·ha -1 N was not significantly different from the control (35.5 t·ha -1 dolomite and without N). It was due to leaching. Leaching occured because the bottom of the pot experiment was provided with a hole for good draining if there was an excess volume of watering.
Tabel 11. The effect of application of dolomite lime and fertilizer nitrogen to shoot nitrogen uptake (mg·plant Note. Means with the the different capital letter within row or column differ significantly by DMRT (p < 0.01).
Discussion
In this research, an increase in pH is associate with a decrease in concentration of acid cation (H + and Al 3 + ). According to Rosilawati et al. (2014) an increase in pH is caused by the consumption of protons (H + ) or precipitation of Al 3+ to the Al(OH) 3 . Because pKa of Aluminum is 5, while in the research oxidation-leaching resulted in soil pH 3.29, the increase in pH was caused by the consumption of protons. Proton consumption result in decreasing of concentration of H + so that soil pH increased.
The oxidation-leaching process resulted in the decrease of the EC of potential acid sulphate soils. According to Agus et al. (2008) , EC was affected by salts such as NaCl, Na 2 SO 4 , MgSO 4 , NaHCO 3 , NaCO 3 , CaSO 4 and CaCO 3 . The lower the concentration of salts in the soil solution caused the lower of the electrical conductivity. Besides a decrease in the concentration of H + which is also resulted in decreased EC. Results of research by Blunden (2000) on the chemical status of groundwater after oxidation of pyrite showed that the lower the concentration of total SO 4 2-, Cl, Al 3+ , Fe 2+ , Ca 2+ , Mg 2+ , K + and Na + , the lower the EC of groundwater. Therefore, the decrease in the EC of potential acid sulfate soils after oxidation-leaching in this study was due to the reduced concentration of bases such as Ca 2+ , Mg 2+ , K + and Na + as well as acid cation H + and Al 3+ . In addition, the leaching of acid sulfate soils intended to discharge the pyrite oxidation products such as H + , SO 4 2-also involved the leaching of plant nutrients such as N and P as well as bases such as K, Na, Ca and Mg. Table 3 shows that continous oxidation-leaching decreased the pyrite content from 2.63% to 0.93%. According to Kusel (2003) , pyrite is a mineral which was not stable in strongly reduce condition, and become unstable to form soluble compound in oxidation stage. The acceleration of pyrite oxidation can be carried out by lowering the soil moisture to increase aeration, continuous leaching-oxidation and repeated wet-dry conditions (Maas, 2000) . In this study, decrease of 64.77% in the pyrite content was a result of the drying treatment for 7 days, followed by leaching and this process was repeated 16 times.
The highest rate of dolomite applied the greeter the pH increase. The results of an incubation experiment by Rosilawati et al. (2014) on acid sulphate soil Typic Sulfaquept shows that the application of dolomite increase the soil pH by increasing the doses applied. Similar results were also obtained by Wijanarko and Taufiq (2016) , that soil pH would increase from 4.3 to 4.5 along with an increase of lime. Furthermore Rosilawati et al. (2014) pointed out that the increased pH resulting from the provision of dolomite is due to the consumption of proton (H + ). By decreasing the concentration of H + , the pH of the soil is increased.
The EC of the acid sulphate soils after to the application of dolomite and nitrogen fertilizer was higher than before application (0.78 mS·cm -1
). This shows that the pyrite content in acid sulfate soils used as a growing medium was still reactive (EC = 1.51 mS·cm -1 ). Application of dolomite up to 37.5 t·ha -1 increased soil pH but did not decrease EC. This suggests that the rate of lime is not able to neutralize the acidity of existing resources for the remaining pyrite oxidation was still reactive and the oxidation was still ongoing.
Application of lime up to 37.5 t·ha -1 can neutralize the H + and Al 3+ , but as the remaining pyrite were still reactive, the residual lime had the role to neutralize the product of further oxidation of the remaining pyrite. The data showed pH still below 5 and EC still above 0. Combination of inorganic (urea) and organic (chicken manure) fertilizer can improve plant growth. Vegetative growth that is reflected in plant height can be associated with the element N which is a constituent of chlorophyll. N sufficient supply results in more chlorophyll content causing a better photosynthetic activity, which in turn induce a better growth vegetative.
The application of the same N fertilizer type did not affect plant height at the application of lime with different doses but in the application of fertilizer N 115 kg·ha -1
, the height of plants applied with dolomite 37.5 t·ha -1 was lower than dolomite 25 t·ha -1 application. This was presumables related to the type of N available in the soil and uptake by plants. According to Mengel and Kirby (1989) , the plant will absorb the N-NO 3 at low pH and absorb NH 4 + at pH close to neutral. Furthermore, according to Kirk (2004) , N-NO 3 -as the stable species under oxic condition and decrease along with increase soil pH. Thus it can be said that the application of lime with a higher dose cause N-NO 3 not stable (change other form) so decreases and reduce the N uptake and as a result plant height is also affected.
According to Sudhakar et al. (2016) plant dry weight is most useful and reliable to measurement of plant growth. The dry weight of the plant is a mix of plant genetic and environmental factors. Environmental factors that affect plant growth are the soil reaction and the availability of plant nutrients. Control of environmental factors to achieve ideal conditions for plant growth enables growth and crop production to reach a maximum in accordance with the genetic condition. It can be concluded that the combined treatment of nitrogen 57.5 kg·ha -1 + 3 t·ha -1 chicken manure mentioned above are the most ideal conditions for plant growth compared with treatments. This is due to the use of N sources of manure and urea can be complementary. Inorganic fertilizer N can provide rapidly for vegetative growth of the plants, while the manure release nutrients slowly and reduce possible leaching of nutrients. Manure also contains other nutrients such as P, K, Ca and Mg (Table 2) . Organic materials contained in manure can increase the ability to water retention (Doberman & Fairhurst, 2000) and increase the absorption capacity so the loss of nutrients from the soil is reduced. Furthermore, organic fertilizers can improve the efficiency of inorganic fertilizer, which in turn can promote plant growth (Usman et al., 2015) .
N uptake in the treatment of 115 kg N·ha -1 and chicken manure 6 t·ha -1 with dolomite 37.5 t·ha -1 was lower than 25 t·ha -1 , but combination treatment of nitrogen 57.5 kg·ha -1 + 3 t·ha -1 chicken manure was not differ. It showed that application of lime high dose with 115 kg N·ha -1 115 or chicken manure 6 t·ha -1 caused N uptake decrease but no effect at application urea and chiken manure together.
Conclusion
Application of dolomite can increase the pH of the soil, lower the available-H and available-Al. The highest plant growth was obtained on a combination of nitrogen 57.5 kg·ha -1 and chicken manure 3 t·ha -1 at a dose of dolomite 25 t·ha -1 and 37.5 t·ha -1 . The highest dry weight of shoot and root was obtained at application of nitrogen 57.5 kg·ha -1 and chicken manure 3 t·ha -1 .
Interaction between the application of dolomite 25 t·ha -1 and combination of nitrogen 57.5 kg·ha -1 and chicken manure 3 t·ha -1 resulted in the highest shoot N-uptake (267.69 mg·plant -1 ). This is not different from the interaction between the application of dolomite 25 t·ha -1 and chicken manure 6 t·ha -1 (105.37 mg·plant) and the interaction between the application of dolomite 37.5 t·ha -1 and a combination of nitrogen 57.5 kg·ha -1 and chiken manure 3 t·ha -1 (108.83 mg·plant -1
). It was conclude that the application of lime and N fertilizer can increase N uptake as wellas corn growth and soil fertility of potential acid sulfate soil after oxidation-leaching.
Suggestion
In the total reclamation of potential acid sulfat soil, the oxidation process of pyrite should be carried out until it reaches the phase when the soil is no longer reactive which is marked by the low concentration of the remaining pyrite (< 0.75%) or EC(< 0.5 mS·cm -1 ). The purpose is to ensure that the application of dolomit is more effective and efficient in neutralizing available H and available Al.
